Detailed Study of Bridges Out of Thin Walled Precast Concrete Elements  by Reichenbach, Sara & Kollegger, Johann
 Procedia Engineering  156 ( 2016 )  388 – 394 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of BDB 2016
doi: 10.1016/j.proeng.2016.08.312 
ScienceDirect
Available online at www.sciencedirect.com
WK,QWHUQDWLRQDO&RQIHUHQFHÄ%ULGJHVLQ'DQXEH%DVLQ³%'%
'HWDLOHGVWXG\RIEULGJHVRXWRIWKLQZDOOHGSUHFDVWFRQFUHWH
HOHPHQWV
6DUD5HLFKHQEDFKD-RKDQQ.ROOHJJHUD
a
 TU Wien, Institute of Structural Engineering, Karlsplatz 13, 1040 Vienna, Austria 
$EVWUDFW
'XHWRWKHYHU\FRPSHWLWLYHFRVWVFRPSDUHGWRLQVLWXFRQFUHWHDVZHOODVWRVWHHOHOHPHQWVWKHSUHFLVHH[HFXWLRQVDQGWKHHFRQRPLF
YDOXHSUHFDVWHOHPHQWVDUHDEOHWRQRWRQO\UHGXFHWKHFRQVWUXFWLRQSHULRGEXWDOVRUHGXFHFRQVWUXFWLRQFRVWV:LWKWKHVHSRVLWLYH
DWWULEXWHVLQPLQG WKH,QVWLWXWHIRU6WUXFWXUDO(QJLQHHULQJDW WKH78:LHQGHFLGHG WR LQYHVWLJDWHWKHDSSOLFDWLRQRI WKLQZDOOHG
SUHFDVWHOHPHQWVLQEULGJHFRQVWUXFWLRQLQRUGHUWRFRPSHWHZLWKVWHHOJLUGHUV7KHPDLQJRDORIWKHUHVHDUFKLVWKHGHYHORSPHQWRI
HOHPHQWVWKDWDUHOLJKWHQRXJKWRKDQGOHGXULQJWUDQVSRUWDQGOLIWRSHUDWLRQVDQGDWWKHVDPHWLPHVWDEOHHQRXJKWREHILOOHGZLWKLQ
VLWXFRQFUHWHUHVXOWLQJLQDPRQROLWKLFVWUXFWXUH7RDVVHVVWKHGXUDELOLW\RISUHFDVWEULGJHJLUGHUVIDWLJXHWHVWVZHUHFDUULHGRXW
)XUWKHUPRUHDGHWDLOHGVWXG\RIWKHMRLQWVDQGWKHDSSOLHGMRLQWILOOLQJPDWHULDOZDVFRQGXFWHGUHVXOWLQJLQDZLGHVSUHDGFRPSDULVRQ
RIYDULRXVJURXWV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI%'%
Keywords:SUHFDVWJLUGHUVEULGJHFRQVWUXFWLRQLQQRYDWLYHEXLOGLQJPHWKRGV
0RWLYDWLRQ
3RVVLEOHDSSOLFDWLRQVRISUHFDVWHOHPHQWVIRUEULGJHDQGFLYLOHQJLQHHULQJVWUXFWXUHVKDYHEHHQLQYHVWLJDWHGDWWKH
,QVWLWXWHRI6WUXFWXUDO(QJLQHHULQJRIWKH78:LHQLQFROODERUDWLRQZLWKWKH$VVRFLDWLRQRI$XVWULDQ&RQFUHWHDQG
3UHFDVW3ODQWV9g%$XVWULDQ1DWLRQDO5DLOZD\Vg%%WKH$XVWULDQ([SUHVVZD\DQG+LJKZD\)LQDQFLQJ&RPSDQ\
$6),1$*WKHHQJLQHHULQJRIILFH)&3)ULWVFK&KLDUL	3DUWQHU=7*PE+DQGWKH$XVWULDQ0LQLVWU\IRU7UDQVSRUW
,QQRYDWLRQDQG7HFKQRORJ\EPYLW7KHREMHFWLYHLV WKHGHYHORSPHQWRISUHFDVWFRQFUHWHJLUGHUV OLJKWHQRXJKIRU
WUDQVSRUWDQGRUHUHFWLRQE\FRQYHQWLRQDOWUDQVSRUWDQGOLIWLQJHTXLSPHQWDQGIRUWKHFRQVWUXFWLRQXVLQJFRQYHQWLRQDO


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:VDUDUHLFKHQEDFK#WXZLHQDFDW
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of BDB 2016
389 Sara Reichenbach and Johann Kollegger /  Procedia Engineering  156 ( 2016 )  388 – 394 
DQGRULQQRYDWLYHEXLOGLQJPHWKRGVDVIRUH[DPSOHWKHEDODQFHGOLIWPHWKRGZKLFKZDVDOVRGHYHORSHGDWWKH,QVWLWXWH
RI6WUXFWXUDO(QJLQHHULQJRIWKH78:LHQ>@
7KHSUHFDVWHOHPHQWVVHUYHDVSHUPDQHQWIRUPZRUNIRUWKHVXEVHTXHQWO\DGGHGLQVLWXFRQFUHWHDQGFDQWKHUHIRUH
FRQVLGHUDEO\UHGXFHWKHXVHRIIRUPZRUNDQGIDOVHZRUNRQWKHFRQVWUXFWLRQVLWH7KHIRFXVSRLQWRIWKHGHVLJQZLWK
WKHVHSUHFDVWHOHPHQWVLVWKHFDOFXODWLRQRIWKHGLIIHUHQWFRQVWUXFWLRQSKDVHV%ULGJHJLUGHUVZKHUHGHYHORSHGIRUERWK
EULGJHVZLWKODUJHVSDQVDVZHOODVIRUEULGJHVZLWKVKRUWVSDQV)RUEULGJHVZLWKODUJHVSDQVSRVWWHQVLRQHGER[JLUGHUV
FRPSRVHGRIKROORZZDOOHOHPHQWVDQGXOWUDWKLQSUHFDVWHOHPHQWVZHUHGHVLJQHG7ZRVHFWLRQZHUHEXLOWDQGIXOO
VFDOHWHVWVZHUHFRQGXFWHGZLWKWKHUHVXOWVWKDWWKHHOHPHQWVKDGHQRXJKVWDELOLW\WREHWUDQVSRUWHGDQGLQVWDOOHGZLWK
HDVHRQWKHFRQVWUXFWLRQVLWH)RUEULGJHVZLWKVPDOOVSDQVFRQFHSWVIRUJLUGHUVZLWKDQGZLWKRXWSRVWWHQVLRQLQJZHUH
GHYHORSHG$IWHUWKHGHVLJQLQJSURFHVVDQGWKHFRQVWUXFWLRQRIODUJHVFDOHGWHVWHOHPHQWVDPRUHGHWDLOHGWHVWSKDVH
EHJDQ7RDVVHVVWKHGXUDELOLW\RISUHFDVWEULGJHJLUGHUVIDWLJXHWHVWVZHUHFDUULHGRXW)XUWKHUPRUHDGHWDLOHGVWXG\RI
WKHMRLQWVDQGWKHDSSOLHGMRLQWILOOLQJPDWHULDOZDVFRQGXFWHGUHVXOWLQJLQDZLGHVSUHDGFRPSDULVRQRIYDULRXVJURXWV
$SSOLFDWLRQLQEULGJHVZLWKODUJHVSDQV
,Q RUGHU WR HUHFW EULGJHV ZLWK ODUJH VSDQV XVLQJ OLJKWZHLJKW WKLQZDOOHG SUHFDVW FRQFUHWH JLUGHUV VWXUG\ ER[
VHFWLRQHGFURVVVHFWLRQKDGWREHGHYHORSHG'RXEOHZDOOHOHPHQWVZHUHFKRVHQDVZHEVKHOGWRJHWKHUE\WKLQSUHFDVW
HOHPHQWVODWWLFHJLUGHUIORRUVODEV
/DUJHVFDOHWHVWVZHUHXVHGWRSURYLGHYDOXDEOHLQVLJKWLQWRWKHPDQXIDFWXULQJSURFHVVSURGXFWLRQIORZDQGWKH
UHVXOWLQJVWDELOLW\7ZRER[VHFWLRQHGEULGJHJLUGHUVZLWKDKHLJKWRIPDQGDZLGWKRIP)LJZHUHEXLOW
DQG WHVWHG7KH UHVXOWV FRQILUPHG WKDW WKH IDEULFDWHGFURVVVHFWLRQVSRVVHVV HQRXJKVWDELOLW\ WREH WUDQVSRUWHGDQG
LQVWDOOHGEXWQHHGH[WUDVXSSRUWIRUWKHFRQFUHWLQJRIWKHGHFNVODE:LWKWKHUHVXOWVDVWDWLFFDOFXODWLRQPRGHOZDV
FDOLEUDWHGDOORZLQJUHOLDEOHSUHGLFWLRQVIRUIXUWKHUH[DPLQDWLRQVRIWKHFURVVVHFWLRQVZLWKYDULDEOHGLPHQVLRQV>@
)ROORZLQJRQIURPWKHIDYRUDEOHH[SHULHQFHJDWKHUHGLQWKHSURGXFWLRQDQGWHVWLQJRIWKHOLJKWZHLJKWER[VHFWLRQHG
EULGJHJLUGHUVLWZDVGHFLGHGWRSDUWLFLSDWHLQFORVHFROODERUDWLRQZLWKWKHHQJLQHHULQJRIILFH)&3±)ULWVFK&KLDUL	
3DUWQHU=7*PE+LQDFRPSHWLWLRQIRUWKHFRQVWUXFWLRQRIWZRE\SDVVEULGJHVIRUWKH9RHVW%ULGJHDFURVVWKH'DQXEH
ULYHULQ/LQ]$XVWULD7KHGHFNVODERIHDFKEULGJHKDGWRLQFRUSRUDWHWZRODQHVIRUWUDIILFDELNHSDWKDQGDVLGHZDON
UHVXOWLQJLQDZLGWKRIDERXWP7KHULYHUQDYLJDELOLW\KDGWREHXSKHOGGXULQJWKHHQWLUHFRQVWUXFWLRQSURFHVV
WKHUHIRUHWKHDUHDRIPDERYHKLJKZDWHUOHYHORYHUDULYHUZLGWKRIPKDGWREHNHSWXQREVWUXFWHG


)LJ%R[HGVHFWLRQHGEULGJHJLUGHURXWRIWKLQZDOOHGSUHFDVWHOHPHQWV
7KHFRQVWUXFWLRQSURFHVVZLWKSUHIDEULFDWHGHOHPHQWVGLIIHUVLQPDQ\DVSHFWVIURPDQ\FRQYHQWLRQDOFRQVWUXFWLRQ
PHWKRGGXHWRWKHIDFWWKDWWKHEXLOGLQJSKDVHVVWURQJO\LQIOXHQFHWKHGHVLJQLQJSODQQLQJDVZHOODVWKHFDOFXODWLRQ
SURFHVV2QHRIWKHILUVWVWHSVRIWKHGHVLJQSURFHVVZDVWKHDGDSWDWLRQRIWKHFURVVVHFWLRQV7KHKHLJKWRIWKHVWDQGDUG
FURVVVHFWLRQFDPHWRPHQODUJLQJWRPRYHUWKHSLHUDQGWKHZLGWKZDVZLGHQHGLQFRPSDULVRQWRWKHODUJH
VFDOHWHVWVSHFLPHQVWRPOHDYLQJWKHFDQWLOHYHUVRQERWKVLGHVWRPVHH)LJ7KHWRWDOOHQJWKRIP
ZDVGLYLGHGLQWRVSDQVZLWKDPDLQVSDQOHQJWKRIP
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7KHDOWHUDWLRQRIWKHFURVVVHFWLRQZHQWKDQGLQKDQGZLWKWKHSODQQLQJDQGFDOFXODWLRQVRIWKHFRQVWUXFWLRQSKDVHV
7KHJLUGHUVRIWKHWZREULGJHVZRXOGEHEXLOWLQQLQHFRQVWUXFWLRQSKDVHVZKHUHDVWKHILUVWWKUHHSKDVHVZRXOGEH
FRQVWUXFWHGXVLQJIRUPZRUNDQGWKHUHPDLQLQJVL[SKDVHVXVLQJWKHER[VHFWLRQHGEULGJHJLUGHUV

)LJ6WDQGDUGFURVVVHFWLRQRIWKHE\SDVVEULGJHV/LJKWZHLJKWER[VHFWLRQHGEULGJHJLUGHUVRXWRI
KROORZZDOOHOHPHQWVDQGXOWUDWKLQSUHFDVWHOHPHQWVVKRZQLQGDUNJUH\>@
$SSOLFDWLRQLQEULGJHVZLWKVKRUWVSDQV
)RUWKHDSSOLFDWLRQRIWKHWKLQZDOOHGSUHFDVWJLUGHUVLQEULGJHVZLWKVKRUWVSDQVWURXJKVKDSHGFURVVVHFWLRQVZHUH
GHYHORSHG7ZRGLIIHUHQWSURGXFWLRQPHWKRGVIRU WKHJLUGHUVZHUHH[DPLQHGRQHEHLQJRXWRI ODWWLFHJLUGHUIORRU
VODEV WKHRWKHURXWRIGRXEOHZDOO HOHPHQWV7KHJLUGHUVRXW RIGRXEOHZDOO HOHPHQWVZHUH FKHDSHU DQG IDVWHU LQ
SURGXFWLRQEXWKDGUHVWULFWLRQVZKHQLWFDPHWRWKHZLGWKZLWKDPD[LPDOZLGWKRIPP7ZRWURXJKVKDSHGWKLQ
ZDOOHGSUHFDVWJLUGHUVRXWRI ODWWLFHJLUGHUIORRUVODEVDQGDPPVWURQJEDVHSODWHZLWKGXFWVIRU WKHUHTXLUHG
WHQGRQVDUHVKRZQLQ)LJ,WZDVVKRZQWKDWILHOGVSDQVRIDSSUR[LPDWHO\PZHUHDWWDLQDEOH>@
 

)LJ7URXJKVKDSHGWKLQZDOOHGSUHFDVWJLUGHUVDQGDVWDQGDUGFURVVVHFWLRQIRUWKHLUDSSOLFDWLRQ
   
LQVLWXFRQFUHWH
SUHFDVWXVKDSHGEHDP
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
9DOXDEOHLQVLJKWVZHUHSURYLGHGRQWKHVWDELOLW\DQGWKHLPSURYHPHQWRIWKHVWUXFWXUDOGHWDLOVWKURXJKQXPHURXV
ORDGLQJWHVWV*LUGHUVZLWKWKHOHQJWKRIPZHUHVXEMHFWHGWRWRUVLRQDOORDGLQJDQGORDGLQJGXHWRWKHILOOLQJZLWK
LQVLWXFRQFUHWH/RQJWHUPPHDVXUHPHQWVZHUHDGGLWLRQDOO\SHUIRUPHGLQRUGHUWRUHFRUGFUHHSGHIRUPDWLRQV$IWHU
WKH H[SHULPHQWDO HYDOXDWLRQ RI FURVVVHFWLRQV ZLWK GLYHUVH GLPHQVLRQV YDULRXV PRWRUZD\ FURVVLQJV DV ZHOO DV
PRWRUZD\EULGJHVZHUHGHVLJQHG$GGLWLRQDOO\WRWKHLQYHVWLJDWLRQVRI>@FRQVLGHULQJSRVWWHQVLRQHGFRQVWUXFWLRQV
GHVLJQVDQGFDOFXODWLRQVRIJLUGHUVZLWKRXWSRVWWHQVLRQLQJZHUHFRQGXFWHG
7KHUHVHDUFKVKRZHGWKDWWKHHUHFWLRQRIDEULGJHZLWKDVSDQRIPDVZRXOGEHWKHFDVHRIDEULGJHFURVVLQJ
DPRWRUZD\LVIHDVLEOHZKHQLWFRPHVWRWKHDSSOLFDWLRQRIWKHWKLQZDOOHGSUHFDVWJLUGHUVZLWKDQGZLWKRXWSRVW
WHQVLRQLQJ)RUWKHFRQVWUXFWLRQZLWKRXWSRVWWHQVLRQLQJDGGLWLRQDOVXSSRUWVGXULQJFRQVWUXFWLRQZRXOGEHQHHGHGLQ
RUGHUIRUWKHWKLQZDOOHGJLUGHUVWREHPRXQWHGDQGILOOHGZLWKFDVWLQVLWXFRQFUHWH
([SHULPHQWDO3URJUDP
,QWKHFRXUVHRIWKHDFTXLUHGUHVHDUFKSURMHFWVDQGLQRUGHUWRLQYHVWLJDWHWKHORDGEHDULQJFDSDFLW\RIWKHVHSDUDWH
SDUWVDQGGHWDLOVRIWKHFURVVVHFWLRQVYDULRXVWHVWVZHUHFRQGXFWHG,QODUJHVFDOHWHVWVWKHIDWLJXHUHVLVWDQFHDQGVXE
VHTXHQWLDOVWDWLFUHVLVWDQFHRIGRXEOHZDOOVZLWKZHOGHGUHLQIRUFHPHQWZDVDQDO\]HG'XHWRWKHIDFWWKDWLQWKHFRXUVH
RIWKHWHVWVE\:LPPHU>@WKHJURXWLQJPDWHULDOGLGQRWSHUIRUPDVH[SHFWHGILYHGLIIHUHQWJURXWLQJPDWHULDOVZHUH
DGGLWLRQDOO\WHVWHGRYHUDODUJHUWLPHVSDQ7KHH[SHULPHQWDOSURJUDPLVVXPPDUL]HGLQ7DEOH&RPSOHPHQWLQJWKH
H[SHULPHQWVDVXUYH\ZDVFDUULHGRXWWRILQGRXWDERXWWKHDSSOLFDWLRQRISUHFDVWHOHPHQWVLQEULGJHFRQVWUXFWLRQLQ
VSHFLILFUHJLRQVRIWKHZRUOG
7DEOH([SHULPHQWDOSURJUDP
7HVW3URJUDP 6SHFLPHQV 'LPHQVLRQV &RPPHQWV
)DWLJXHWHVWV 6SHFLPHQV

/HQJWKP:LGWKP
+HLJKWP
ORQJLWXGLQDOUHLQIRUFHPHQWLQWKH
SUHFDVWSDQHOVZHOGHG
VSHFLPHQVZLWKPP
VSHFLPHQVZLWKPP
3UHFDVWSDQHOV&&DVWLQVLWXFRQFUHWH&
:RUNLQJVWURNHV
1PPð1PPðWHVWV1PPðWHVWV
1PPð
)XUWKHUWHVWVZLOOEHFRQGXFWHG
6WDWLFWHVWV VSHFLPHQV /HQJWKP:LGWKP
+HLJKWP
$IWHUWKHIDWLJXHWHVWLQJWZRVSHFLPHQVZHUHWHVWHGRQWKHLU
VWDWLFORDGEHDULQJFDSDFLW\
*URXWWHVWV &RPSDULVRQRI
*URXWV

6SHFLPHQV
/HQJWKPP:LGWKPP
+HLJKWPP
7HVWLQJDIWHUGGG
&RPSUHVVLYHVWUHQJWK)OH[XUDOWHQVLOHVWUHQJWK
)ORZFRQVLVWHQF\GHQVLW\6KULQNDJHVWLOOLQSURJUHVV
7HPSHUDWXUHGHYHORSPHQW
-RLQWWHVWV 1RW\HW
VSHFLILHG
-RLQWOHQJWKRI±PPZLOO
EHWHVWHG
7HVWLQJRIJURXWVZLWKPRVWSURPLVLQJSURSHUWLHVDFFRUGLQJWR
WKHJURXWWHVWV

4.1. Fatigue Tests 
7KHVWHHOPDWVZKLFKDUHXVXDOO\SODFHGLQWKHSUHFDVWSDQHOVRIGRXEOHZDOOHOHPHQWVDQGWKHODWWLFHJLUGHUIORRU
VODEV DUH SURGXFHG E\ ZHOGLQJ VHOHFWLYHO\  QRW DOO RI WKH LQWHUVHFWLRQV UHLQIRUFHPHQW EDUV WRJHWKHU LQ WKH
SUHIDEULFDWLRQSODQWV,WLVSURYHQWKDWZHOGHGFRQQHFWLRQVDUHVXVFHSWLEOHWRIDWLJXHIDLOXUH>@6LQFHWKHDXWRPDWHG
SURGXFWLRQSURFHVVLVRQHRIWKHPDLQUHDVRQVIRUWKHHIILFLHQF\DQGSURILWDELOLW\RIJLUGHUVRXWRIWKLQZDOOHGSUHFDVW
HOHPHQWVWKHIDWLJXHEHDULQJEHKDYLRUDQGVXEVHTXHQWVWDWLFORDGEHDULQJFDSDFLW\DUHRIXWPRVWLPSRUWDQFH
'RXEOHZDOOVZLWKGLPHQVLRQVRIPE\PE\PILOOHGZLWKLQVLWXFRQFUHWHZHUHSURGXFHGLQDSODQW
DQGWKHQWHVWHGRQWKHLUIDWLJXHEHKDYLRULQWKHODERUDWRULHVRIWKH78:LHQ)LJ7KHWHVWVSHFLPHQVZHUHGLYLGHG
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LQWRWZRGLIIHUHQWJURXSVDFFRUGLQJWRWKHLUUHLQIRUFHPHQWUDWLR7KHSUHFDVWVHJPHQWVZLWKRXWSRVWWHQVLRQLQJZHUH
H[SRVHGWRDFRQVWDQWYLEUDWLRQVWUHVVFDXVHGE\DQXQEDODQFHGJHQHUDWRUXQWLOWZRPLOOLRQF\FOHVZHUHUHDFKHG7KH
ZRUNLQJVWURNHVGXULQJWKHIDWLJXHWHVWVDUHOLVWHGLQ7DEOH,QDGGLWLRQWRWKHPHDVXUHGGHIOHFWLRQLQILYHSRLQWV:
:LQ)LJWKHFRPSUHVVLRQDQGVWUDLQ:,LQ)LJZHUHDOVRLQYHVWLJDWHG,QRUGHUWRREWDLQLQVLJKWDERXW
WKHEHKDYLRURIWKHVKHDUFRQQHFWLRQDIWHUIDWLJXHWHVWLQJWKHVSHFLPHQVZHUHVXEVHTXHQWO\WHVWHGRQWKHLUVWDWLFORDG
EHDULQJFDSDFLW\DQGWKHGHIOHFWLRQLQWKHLQWHUIDFHEHWZHHQWKHSUHIDEULFDWHGSDQHODQGWKHFDVWLQVLWXFRQFUHWH

)LJ)URQWYLHZDQGVLGHYLHZRIWKHWHVWVHWXSRIWKHIDWLJXHWHVWV
'XULQJWKHIDWLJXHWHVWLQJERQGIDLOXUHRFFXUUHGLQWKHLQWHUIDFHEHWZHHQWKHSUHIDEULFDWHGSDQHODQGWKHFDVWLQ
VLWXFRQFUHWH7KHIDLOXUHLQWKHLQWHUIDFHZDVWUDFNHGEDFNWRWKHFRQQHFWLRQHOHPHQWVVWHHOZDYHVDQGQRWODWWLFH
JLUGHUVZKLFKZHUHXVHGDVFRQQHFWRUVEHWZHHQWKHWZRSDQHOVRIWKHGRXEOHZDOOV7KHVWHHOZDYHVZHUHQRWDEOHWR
WUDQVIHUWKHVKHDUIRUFHVEHWZHHQWKHSUHIDEULFDWHGSDQHOVDQGWKHLQVLWXFRQFUHWHUHVXOWLQJLQDERQGIDLOXUH'HVSLWH
WKHSUREOHPVZLWKWKHLQWHUIDFHWZRRIWKHVL[VSHFLPHQVUHDFKHGWKHH[SRVXUHRIWZRPLOOLRQF\FOHV
$IWHU WKH IDWLJXH DQG VWDWLF WHVWV WKH UHLQIRUFHPHQW LQ WKH VSHFLPHQV ZDV LQYHVWLJDWHG )DWLJXH EUHDNV RI WKH
UHLQIRUFHPHQWQH[WWRWKHZHOGHGLQWHUVHFWLRQVZHUHIRXQGEXWGXHWRWKHIDFWWKDWQRWDOORIWKHLQWHUVHFWLRQVZHUH
ZHOGHGQRWDOORIWKHORQJLWXGLQDOUHLQIRUFHPHQWIDLOHGGXHWRIDWLJXHWHVWLQJ)XUWKHUWHVWVDUHSODQQHGZLWKVOLPPHU
WHVWVSHFLPHQVDQGDPRUHVWDEOHLQWHUIDFH
4.2. Grout testing 
:KHQEXLOGLQJZLWKSUHIDEULFDWHGHOHPHQWVRQHRIWKHPDLQSUREOHPVLVWKHGHWDLOHGFRQVWUXFWLRQRIDOOWKHUHVXOWLQJ
MRLQWV$OOSUHYLRXVODUJHVFDOHWHVWV>@VKRZHGWKDWDMRLQWWKLFNQHVVRIPPLVRSWLPDOIRUWKHFRQVWUXFWLRQZLWK
WKLQZDOOHGSUHFDVWHOHPHQWV
:KHQEXLOGLQJZLWKWKLQZDOOHGJLUGHUVZLWKSRVWWHQVLRQLQJWKHJURXWLQWKHMRLQWVKDVWRZLWKVWDQGKLJKVWUDLQVD
IHZGD\VDIWHULPSOHPHQWDWLRQ)XUWKHUPRUHWKHJURXWVKRXOGDVGRWKHSUHIDEULFDWHGHOHPHQWVSURWHFWWKHLQVWDOOHG
UHLQIRUFHPHQW DQG SRVWWHQVLRQLQJ FDEOHV IURP FDUERQDWLRQ DQG FRUURVLRQ 7KLV SURWHFWLRQ LV RQO\ SRVVLEOH LI WKH
LQWHUIDFHEHWZHHQWKHSUHFDVWHOHPHQWDQGWKHJURXWVWD\VLQWDFWWKHUHIRUHWKHJURXWVKRXOGQRWVKULQNH[WHQVLYHO\DQG
VKRXOGEHFDSDEOH WRDEVRUEDQG WUDQVPLWDOOVWUDLQV,WZDVGHFLGHG WR ORRN LQWR WKHPHFKDQLFDOSURSHUWLHVRI ILYH
GLIIHUHQWJURXWVDOOFHPHQWEDVHGIORZDEOHH[SDQGLQJJURXWVVLQFHWKHH[SHULPHQWVE\:LPPHUVKRZHGWKDWQRW
DOOWKHXVHGJURXWVPHWWKHUHTXLUHPHQWVVHWIRUWHVWLQJ
,Q WKH FRXUVHRI WKH LQYHVWLJDWLRQ VSHFLPHQVZHUH WHVWHG LQ WKH WLPHSHULRGVRI G G DQGG LQRUGHU WR
GHWHUPLQHWKHLUFRPSUHVVLRQVWUHQJWKDQGIOH[XUDOWHQVLOHVWUHQJWK)XUWKHUPRUHWKHIORZFRQVLVWHQF\DQGGHQVLW\RI
DOOJURXWVZDVFRPSDUHG7KHWHPSHUDWXUHGHYHORSPHQWGXULQJWKHKDUGHQLQJSURFHVVDQGWKHVKULQNDJHRYHUDORQJ
SHULRGRIWLPHZHUHDGGLWLRQDOO\DVVHVVHG7KHZDWHUDJJUHJDWHUDWLRZDVVHWIRUDOOJURXWVWRONJWRDOORZDQ
H[DFWFRPSDULVRQ
7KHUHVXOWVRIDOOWHVWVVKRZHGWKDWPRVWRIWKHSURSHUWLHVDQGFKDUDFWHULVWLFVVWDWHGE\WKHSURGXFHUVFRXOGQRWEH
PHW2QO\RQHRIWKHWHVWHGJURXWVZDVDEOHWRH[FHHGWKHSURPLVHGFRPSUHVVLRQVWUHQJWKDQGWZRRIWKHJURXWVWKH
SURPLVHGIOH[XUDOWHQVLOHVWUHQJWK'XHWRWKHKLJKFRPSUHVVLRQVWUHQJWKRIWKHWHVWHGPDWHULDOVPRVWRIWKHIDLOXUHV
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ZHUHYHU\VXGGHQDQGH[SORVLYH)LJ$OOJURXWVZHUHVWDWHGDVVKULQNDJHFRPSHQVDWLQJH[SDQGLQJJURXWV7KH
H[SDQGLQJ FKDUDFWHULVWLFVZHUH FRQILUPHG EXW WKH H[SDQVLRQVZHUH QRW DOZD\V DEOH WR FRPSHQVDWH WKH VKULQNDJH
)LJ


)LJ6XGGHQIDLOXUHRIVSHFLPHQGXULQJFRPSUHVVLRQVWUHQJWKWHVWLQJDQGUHVXOWVRIWKHH[SDQVLRQVKULQNDJHPHDVXUHPHQWV
4.3. Joint testing 
7KHPRVWHIILFLHQWDQGDSSURSULDWHJURXWVZLOOEHFKRVHQIRUWKHMRLQWWHVWLQJLQRUGHUWRIXUWKHUGHYHORSWKHRSWLPDO
SURGXFWLRQRIFOHDQMRLQWVEHWZHHQWKHWKLQZDOOHGEULGJHJLUGHUV7KHPDLQIRFXVOLHVLQWKHVHDOLQJRIWKHMRLQWLQ
RUGHUWRHQVXUHRSWLPDOSURWHFWLRQDJDLQVWFDUERQDWLRQDQGFRUURVLRQ$IXUWKHUJRDORIWKHHYROXWLRQRIWKHMRLQWLVWR
REWDLQDFOHDQILQLVKRIWKHMRLQWVWUXFWXUH
4.4. Evaluation of the survey concerning precast elements in bridge construction 
,QWKHFRXUVHRIDOLWHUDWXUHVWXG\FRQFHUQLQJEULGJHFRQVWUXFWLRQZLWKSUHFDVWHOHPHQWVDVXUYH\ZDVFDUULHGRXWWR
FROOHFWGDWDDERXWWKHDSSOLFDWLRQRISUHFDVWFRQFUHWHHOHPHQWVLQEULGJHFRQVWUXFWLRQLQGLIIHUHQWUHJLRQVRIWKHZRUOG
7KHVXUYH\VKRZHGWKDWHYHQWKRXJKDODUJHSHUFHQWDJHRIWKHEULGJHLQFRXQWULHVOLNH$XVWULD6RXWK$IULFDDQG
'HQPDUNDUHFRQFUHWHEULGJHVRYHUDQGUHVSHFWLYHO\OHVVWKDQDUHRXWRISUHFDVWHOHPHQWV7KH
QHJDWLYHRSLQLRQWKDWPDQ\HQJLQHHUVKDYHDERXWEULGJHVRXWRISUHFDVWHOHPHQWVDUHEDVHGRQWKHH[SHULHQFHVZLWK
ROGSUHFDVWEULGJHVIURPWKH¶V7KHSUREOHPVOLHZLWKWKHMRLQWVDEXWPHQWVDQGLQVXIILFLHQWFRQFUHWHFRYHU7KH
SRSXODULW\RISUHFDVWEULGJHVLVKLJKHU LQ&DQDGD-DSDQDQG WKH86$ZKHUH WKHSHUFHQWDJH OLHVRYHURI WKH
FRQFUHWHEULGJHVEHLQJPDGHRISUHFDVWHOHPHQWV
&RQFOXVLRQDQG2XWORRN
%DVHGRQWKHUHVXOWVRIWKHUHVHDUFKREWDLQHGVRIDULWFRXOGEHVKRZQWKDWWKHPDQXIDFWXUHRIWURXJKVKDSHGDQG
ER[VHFWLRQHG SUHFDVW JLUGHUV XVLQJ SUHFDVW IORRU VODEV DQG GRXEOHZDOOHG HOHPHQWV LV WHFKQLFDOO\ SRVVLEOH DQG
UHSUHVHQWVDFRVWHIILFLHQWDOWHUQDWLYHWRWKHRUGLQDU\HUHFWLRQPHWKRGVIRUEULGJHVDQGFLYLOHQJLQHHULQJVWUXFWXUHV>@
&RPSDUHG WR VWHHOJLUGHUV FRQVLGHUDEOH FRVWVDYLQJV FDQ EH JDLQHG ZLWK VLPLODU OLIWLQJ ZHLJKWV GXULQJ HUHFWLRQ
&RPSDUHGWRRUGLQDU\FRQFUHWHJLUGHUVFRQVLGHUDEOHWLPHVDYLQJVRQVLWHFDQEHJDLQHGFRQVLGHULQJWKHKLJKDPRXQW
RISUHIDEULFDWLRQ
$IWHUSURYLQJWKHIHDVLELOLW\RI WKHFURVVVHFWLRQVRXWRI WKLQZDOOHGSUHFDVWFRQFUHWHHOHPHQWVVSHFLDODWWHQWLRQ
PXVWEHSDLGWRWKHVWUXFWXUDOGHWDLOVDQGWKHFRQVWUXFWLRQDFFRUGLQJWRWKHUHOHYDQWVWDQGDUGV
394   Sara Reichenbach and Johann Kollegger /  Procedia Engineering  156 ( 2016 )  388 – 394 
7KHFRQGXFWHGIDWLJXHWHVWVZHUHLQFRQFOXVLYHGXHWRWKHIDLOXUHRIWKHERQGLQWKHLQWHUIDFHEHWZHHQSUHFDVWSDQHOV
DQG FDVWLQVLWX FRQFUHWH'HVSLWH WKH IDLOXUH LQ WKH LQWHUIDFH D IDWLJXH VWUHQJWKRI WKHHOHPHQWVZDVGHPRQVWUDWHG
)XUWKHULQYHVWLJDWLRQVRQWKHIDWLJXHUHVLVWDQFHDUHEHLQJSODQQHG7KHHODERUDWHWHVWVORRNLQJLQWRWKHSURSHUWLHVRI
WKHJURXWVZLOODOORZDZHOOJURXQGHGGHFLVLRQRQWKHJURXWWREHFKRVHQIRUIXUWKHUWHVWLQJRIWKHMRLQWFRQVWUXFWLRQ
PHWKRG
8VLQJWKHLQSXWIURPWKHYDULRXVWHVWVDQGWKHUHGHVLJQRIH[LVWLQJEULGJHVD³GHVLJQPDQXDO´ZLWKJXLGHOLQHVIRU
WKHFDOFXODWLRQDQGFRQVWUXFWLRQRIEULGJHVXVLQJWKLQZDOOHGSUHFDVWEULGJHJLUGHUVZLOOEHWKHILQDOUHVXOWRIWKHZKROH
UHVHDUFKSURMHFW
$FNQRZOHGJHPHQWV
7KHILQDQFLDOVXSSRUWE\gVWHUUHLFKLVFKH)RUVFKXQJVI|UGHUXQJVJHVHOOVFKDIW))*EPYLW$6),1$*g%%DQG
9g%LVJUDWHIXOO\DFNQRZOHGJHG)XUWKHUPRUHZHZRXOGOLNHWRWKDQN)&3±)ULWVFK&KLDUL	3DUWQHU=7*PE+
LQYLWLQJXVWRMRLQWKHPLQWKHGHVLJQFRPSHWLWLRQRIWKHE\SDVVEULGJHVIRUWKH9RHVW%ULGJHRYHUWKH'DQXEH5LYHU
LQ /LQ] DVZHOO DV )UDQ]2EHUQGRUIHU*PE+	&R.* IRU WKH JRRG FRRSHUDWLRQ GXULQJ WKH FRQVWUXFWLRQ RI DOO
VSHFLPHQVDQGGXULQJWKHFRQVWUXFWLRQRIWKHODUJHVFDOHWHVWVWUXFWXUHVLQ*DUVDP.DPS
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